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[57] ABSTRACT 
A laser vascular anastomosis apparatus comprising a 
?ber probe with a conical tip formed at its distal end for 
transmitting therethrough an applying laser rays to 
butted vascular ends to be joined. The probe is inserted 
through the wall of one of vascular ducts to be anasto 
mosed and then the conical tip is positioned inside the 
butt joint. The conical tip serves to re?ect laser rays 
incident upon its wall once by total internal re?ection 
and then to allow the re?ected laser rays to emanate 
from the tip, passing through the opposite wall thereof 
so as to form annular sheath of laser rays which are 
applied to the annular inside wall of the butted portion 
of the vascular ducts to be anastomosed. - 

5 Claims, 3 Drawing Figures 4,539,987 9/1985 Nath ........................... .. 128/303.1 
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LASER VASCULAR ANASTOMOSIS APPARATUS 

FIELD OF THE INVENTION 

The present invention relates to a laser apparatus for 
the anastomosis of vascular ducts which have been cu 
off in an accident or the like. I 

DESCRIPTION OF THE PRIOR ART 

As is well known, laser-generated rays have wide 
application in the surgical ?eld, speci?cally in surgical 
operations as a laser surgical knife for operating upon an 
affected part because of the cutting effect and the bleed 
ing-control effect thereof. Recently a laser oscillator 
capable of generating low output power laser rays has 
been developed. The low power laser rays have been 
applied in the measurement of blood ?ow and the clo 
sure of openings formed in the walls of vascular ducts, 
and in vascular anastomosis operations. 

In known vascular anastomoses using a laser surgical 
knife, the vascular ducts cut off are ?rst butted together 
and then the outside of the butted joint is irradiated with 
laser rays using a laser knife. Such a vascular anastomo 
sis operation has disadvantage that vascular ducts to be 
anastomosed may be constricted or closed by a misap 
plication of the laser beam and that an anastomosis 
operation takes a long time because of the fact that it is 
hard to apply laser rays to all sides of the butted portion 
of vascular ducts. Therefore, it is desirable to provide a 
surgical apparatus by which such a laser surgical knife 
can be replaced. 

OBJECTS OF THE INVENTION 

It is an object of the present invention to provide an 
apparatus for vascular anastomosis operations which 
will not constrict or shut the butted portion to be anas 
tomosed. 

It is another object of the present invention to pro 
vide an apparatus for vascular anastomoses, which re 
quires only a short time for performing a vascular ana 
stomosis operation. 

It is still another object of the present invention to 
provide an apparatus for vascular anastomoses, which is 
capable of applying laser rays inside the butted portion 
of vascular ducts so as to assure a perfect vascular ana 
stomosis. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, an appara 
tus for vascular anastomoses comprises a ?ber probe 
having a conical tip which is adapted to pierce the wall 
of a vascular duct near the butted ends of the vascular 
ducts to be anastomosed. The tip is then moved to a 
position within the butted portion. The conical tip is 
adapted to apply laser rays transmitted through the 
?ber probe inside the butted portion of vascular ducts, 
thereby anastomosing the vascular ducts. Speci?cally, 
the conical tip is adapted to direct laser rays incident 
upon a side wall of the conical tip by total internal 
re?ection to the opposite side wall which allows the 
laser rays to emanate therethrough. The laser rays thus 
emanate in an annular sheath. 
The ?ber probe having a conical tip can apply an 

annular sheath of laser rays with uniform intensity to 
the inside of the butted ends of the cut off vascular ducts 
thereby anastomosing the vascular ducts without nar 
rowing or closing the butted ends. Furthermore, the 

10 

20 

35 

40 

45 

60 

65 

?ber probe having a conical tip can make possible a - 

2 
vascular anastomosis operation by a brief application of 
laser rays, resulting in easy and reliable surgical opera 
tions. 

BRIEF DESCRIPTION OF THE DRAWING 

These and other objects and features of the present 
invention will become more apparent from the follow 
ing description taken in conjunction with a preferred 
embodiment thereof shown in the accompanying draw 
ing, in which: 
FIG. 1 is a schematic diagram showing a laser vascu 

lar anastomosis apparatus according to the present in 
vention; 
FIG. 2 is an explanatory diagram showing the en 

larged distal end of a laser probe shown in FIG. 1; and 
FIG. 3 is an explanatory diagram showing the tech 

nique of carrying out vascular anastomosis by a laser 
vascular anastomosis apparatus as shown in FIG. 1. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Referring now to FIG. 1, shown therein is an exam 
ple of a laser vascular anastomosis apparatus according 
to the present invention in which element 11 is a laser 
oscillator and element 10 is laser guide means, in this 
case a laser probe, for transmitting laser rays there 
through, the laser probe 10 being made ?exible and 
having a diameter suf?ciently small so as to be insert 
able into vascular ducts to be anastomosed. The laser 
probe 10 has a conical tip 12, which is formed at its 
distal end, for applying laser rays to affected parts. For 
satisfying the requirements of ?exibility and a high 
transmittance of laser rays, it is preferred to employ as 
a laser probe 10 an optical ?ber consisting of a center 
core 13 with an outer coating or cladding 14. The coni 
cal tip 12, which is polished and is largely free from 
cladding 14, serves to apply an annular sheath of laser 
rays L to affected parts. It should be noted that the apex 
of the tip 12 is rounded for the purpose of the preven 
tion of injury. 
As shown in FIG. 2, the conical tip 12 of the ?ber 

probe 10 is illustrated in magni?ed detail with the same 
reference numerals as in FIG. 1 and additionally shows 
the path of the laser ray L1 incident upon an air-glass 
interface at an angle 0/ 2. 
The laser ray L1 incident upon an interface between 

air and the ?ber core 13 is re?ected by total internal 
re?ection to travel toward the opposite wall at an equal 
but opposite angle 6/2. The re?ected laser ray L1 can 
emanate by passing through that opposite wall. Laser 
rays thus re?ected and emanated form an annular 
sheath of rays L. 
The total re?ection condition is expressed as 

sin a: 1/11 

wherein 

0=apex angle of the cone 
a=incident angle of laser rays L1 with a line normal 

to the cone at the point of ?rst incidence 
n=refractive index of core 13. 

Since the incident normal angle B has to be 90°, then 

Therefore to substitute in the equation ?rst set forth 
above, 
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If n is substantially l.5, the incident angle a of the 
laser ray L1 should be substantially 42° and then the 
apex angle 0 will be substantially 96°. 
As will be understood from the above description, 

laser rays emanating from the conical tip 12 following 
total internal re?ection will be progressively increased 
in the angle they form with a plane perpendicular to the 
length of the probe as the apex angle 0 of the conical tip 
12 becomes smaller than about 95°. 
The incident angle a is thus dependent upon the re 

fractive indices of the center core and the outer clad 
ding materials. Assuming the numerical aperture (NA) 
value of the ?ber probe determined on the basis of the 
refractive indices of the center core and outer cladding 
thereof to be 0.5, laser rays can be conducted at a range 
of incident angles at 15“. Although laser rays incident 
upon the wall at angles ranging to (1+ 15° are re?ected 
by total re?ection, laser rays at angles ranging to 
a—15°, which is beyond a critical angle, escape 
through the wall of the conical tip 12. Therefore it is 
desired to re?ect almost all of the laser rays conducted 
through the ?ber probe 10 by total internal re?ection. 
For this purpose, the conical tip 12 should be given an 
apex angle 0 <96° — 30°, assuming the ?ber probe 10 has 
its NA equal to 0.5. 

Consequently, it is preferable for the conical tip of 
?ber probe to have its apex angle 6 substantially equal 
to 60° for using ef?ciently laser rays conducted through 
the ?ber probe. 
When performing vascular anastomoses by low 

power laser rays conducted by a ?ber probe having the 
construction described above, as illustrated in FIG. 3, 
cut off vascular ducts 16 and 17 are aligned and their 
open ends are butted against each other so as to form a 
continuous straight vascular duct 15. The ?ber probe 10 
is then inserted through the wall of either vascular duct 
15 or 16 adjacent the butt joint 18 and threaded through 
the pierced duct so as to locate the conical tip 12 within 
the butt joint 18. Laser rays of low output power, which 
are provided by the actuation of the laser oscillator 11, 
are transmitted through the ?ber probe 10 and applied 
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4 
by means of the conical tip 12 to the inside of the butt 
joint 18 of the vascular ducts 16 and 17. Because the 
conical tip 12 can form a uniform annular sheath of laser 
rays L, vascular anastomosis is performed by a single 
irradiation with laser rays. 
The use of a laser vascular anastomosis apparatus 

according to the present invention makes it possible to 
perform vascular anastomosis in a short time. Further 
more, ‘the insertion of the ?ber probe into a vascular 
duct prevents the vascular ducts being anastomosed 
from being constricted or closed and thereby results in 
very easy surgical operations. 

It should be understood that the foregoing disclosure 
relates to a preferred embodiment of the invention and 
that is is intended to cover all changes and modi?ca 
tions of the invention which do not depart from the 
spirit and scope of the appended claims. 
What is claimed is: 
1. Apparatus for vascular anastomosis by irradiation 

with laser rays, comprising: 
laser guide means having a distal end insertable into a 

vascular duct for transmitting laser rays there 
through; 

a laser-ray-transmissive conical tip on the distal end 
of said laser guide means, said conical tip having a 
conical surface adapted to re?ect laser rays inci 
dent upon the inner side of said conical surface by 
internal re?ection and then to allow said re?ected 
laser rays to emanate by passing through an oppo 
site portion of said conical surface so as to form an 
annular sheath of laser rays adapted to be applied 
to the inside of a vascular duct. 

2. Apparatus as claimed in claim 1, wherein said laser 
guide means is an optical ?ber consisting of a center 
core with an outer cladding. 

3. Apparatus as claimed in claim 2, wherein said coni 
cal tip has an apex angle of about 60°. 

4. Apparatus as claimed in claim 3, wherein said coni 
cal tip has a rounded apex. 

5. Apparatus as claimed in claim 1, and means to 
supply laser rays to the interior of said laser guide 
means. 
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